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Abstract 

After a decade of gravitational microlensing experiments, 13 to 17 events by 
MACHO (depending on quality) and two events by EROS have been detected. All 
of those have been observed in the direction of Large Magellanic Cloud. We use 
Evans spherically symmetric halo model to study the rate of microlensing events. 
The expected number of events in this model obtain by using EROS and MACHO 
observational efficiencies. We compare our numbers with the observed events to 
obtain the fraction of halo that is made by compact objects. It is shown that 
results derived from two experiments are in good agreement with each other and 
MACHOs, comprise only a fraction (depending on the model) of Milky Way halo. 
The results are also compatible with the White Dwarfs population studies in the 
Hubble Deep Field. 

1 Introduction 

The existence of dark matter becomes apparent by studying the rotational curve of 
spiral galaxies [1] &: [2]. Recent results of optical and 21 cm band observations shows 
that for thousands of spiral galaxies, the Keplerian rotational velocity beyond the 
luminous radius remains constant [3]. Diffusion emission in X-rays from elliptical 
galaxies and dynamics of cluster of galaxies also shows that there should exist a halo 
structure around spiral galaxies. Various dark matter candidates such as, baryonic 
dark matter and exotic dark candidates such as Axions, massive neutrinos, WIMPs 
and Super-symmetric particles have been proposed. However, simulations show that 
there is a discrepancy between expected rotational velocity due to cold dark matter 
of halo and observed velocity curves [4] & [5] . 

In the case of baryonic dark matter. Big Bang nucleosynthesis models give il^/i^ = 
0.02 [6] & [7] while measuring the mass of luminous stars obtain flium of universe 
to be around 0.004 [8]. Comparing 0,b with il/um i^B ^ ^lum)-, provides an other 
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evidence for the existence of baryonic dark matter. One of the types of baryonic 
dark matter could be in the form of Massive Astrophysical Compact Halo Objects 
(MACHO). These objects due to their light masses are obscure. Neutron stars and 
black holes as dark objects can also be considered in this category. The pioneer work 
of using gravitational microlensing technique for detection of compact objects was 
proposed by Paczynski [9]. Since his proposal, microlensing searches have turned 
very quickly into reality and some groups like AGAPE, DUO, EROS, MACHO, 
OGLE and PLANET have contributed to this field . After one decade, the final 
results of experiments compared with the theoretically expected results, provides 
a constraint on the fraction of halo in the form of compact objects. This results 
strongly depends on the galactic model and mass function of MACHOs. Using the 
standard model for Milky Way and delta mass function for MACHOs, EROS and 
MACHO groups could obtain the fraction of halo that is made of compact objects. 
EROS result, puts a strong constraint on the fraction of halo made of objects in the 
range [10'"^ Mq,4:Mq], excluding at 95% C.L. that more than 40% of the standard 
halo is made of objects with up to one solar mass [11]. The analysis of 5.5 years 
observation of LMC by the MACHO group estimates that the halo mass fraction in 
the form of compact halo objects is about 20% [12]. 

Here, we use the most general spherically symmetric model for the halo of spiral 
galaxies that interprets Keplerian rotational curves[10]. The expected distribution 
of gravitational microlensing events obtain by applying the efficiency of EROS and 
MACHO experiments in these models. Here we use power law mass function for the 
compact halo objects and mass function of disk derived from HST observation. We 
compare the expected rate of events with those observed experimentally to evaluate 
the fraction of halo made by MACHOs. 

The organization of the paper is as follows. In Sect. 2, we introduce the basics 
of gravitational microlensing and obtain relation between the optical depth and 
the rate of microlensing events. In Sect. 3 we introduce Evans model for galactic 
structure and in Sect. 4 we estimate by Monte-Carlo simulation the expected rate of 
microlensing events toward LMC in six different galactic models. We then calculate 
the fraction of halo made by MACHO in different models. The results are discussed 
in Sect. 5. 



2 Basics of gravitational microlensing 

In this section we present the main feature of gravitational microlensing and in 
particular, we obtain relation between optical depth and the rate of events. For 
review, see ( [13], [14], [15], k [16]). 

According to general relativistic results, a given light ray bends near a massive star. 
Considerable gravitational lensing occurs when the line of sight between us and a 
background star passes near enough a lens. Since the deflection angle in the case of 
microlensing is too small (taking into account the resolution of present apparatus), 
it is impossible to distinguish two images that are produced due to the gravitational 
lensing, thus the effect is only on the brightness magnification of the background 
star. This magnification is given by 

A(t)^ "'fV . (1) 



2 



where = uq^ + {-[^^ is the impact parameter, normahzed by Einstein Radius 



Re = ^2 x{l-x). (2) 



In the definition of Einstein radius, Dd and Dos are the distance of the lens and 
source from the observer and x is the fraction of these two terms, {x = ^^)- 
Definition of an event is given by constraint on maximum magnification with Ajnax > 
1.34 or in other word u < Re- 

One of the crucial relation in statistical analysis of microlensing experiments is 
between the optical depth and the rate of events. Taking a snapshot from the 
background stars, the probability of existence the projected background stars inside 
Einstein Radius of lenses in the lens plane along our line of sight is the definition of 
optical depth. The optical depth of Microlensing event in the range of [M, M + dM] 
can be obtain by: 

dT{x; M,M + dM) = — ^ f — J x{A-dx). (3) 

dT{x;M,M + dM) = - x)n{x)g{M)dMdx, (4) 

where, dn = pi^<^^^+<^^) jg ^j^g number density of lenses in the range of [M, M+dM\ 
and can be written in the terms of mass function g{M) and total density of compact 
object ritotal as follows: dn{M, M + dM) = ntotaig{M)dM , where the mass function 
is normalized to one. It is seen in Eq.(4) that optical depth is independent of mass 
function of MACHOs and it is only function of the density distribution of matter. 
The rate of events per year per the number of background stars F, as an observable 
quantity depends on the optical depth. The expected number of events in the range 
of [M, M + dM] obtain: 

dNea^pix; M,M + dM) = J^^^kMi^llZki^ x {n{x)g{M)dM x A ■ dx) x N^g, 

(5) 

where, T^bs and N^g are the monitoring time and the number of background stars, 
Tobs X ^bg is called the exposure time and {vt{x)) is the mean transverse velocity 
of lenses with respect to the line of sight. The mean transverse velocity obtain by 
velocity distribution function, fv{x) as follows: 

{vt) = J vt{x)Mx)d^v, (6) 

where, the distribution function of velocity is normalized to one. The first term on 

the right hand side of Eq.(5) represents the ratio of spanned tube by a lens to the 
projection of background stars zone on the deflector plane, call it A{x). The Second 
term denotes the number of lenses inside x and x + dx and the last term shows the 
number of background stars. By definition of dT = and using Eq.(6), the 

^^bg^ obs 

rate of events is given by: 

dr(x;M,M + dM) = 2(n(x)g(M)dM)RE(x)^dx [ "^^^^^^j^ Ux)d^v, (7) 

J Re{x) 

where, e{tE) is the efficiency of observation. By substituting Eq.(4) in Eq.(7) and 
using the definition of Einstein crossing time tE = relation between the rate of 
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microlensing and the optical depth obtain as follows: 



^ ^ TT J tE{x,v) ^ ' 

In the right hand side of Eq.(8), the value of integral is equal to the mean value of 
^{tE)/tE ( fx{v) is normalized to one). Rewriting Eq.(8) yields: 

We take integral with respect to x, relation between rate of events and optical depth 
is given by: 

-^(^)- 

Here, we are interested in to know the rate of events for a given optical depth. The 
theoretical rate of events {-^) is available by a Monte-Carlo simulation based on 
the geometrical distribution of matter, velocity distribution and the mass function 
of lenses. The observational efficiency is also given as a function of event duration, 
depending on experimental setup and the strategy of observation. One can multiply 
these two distributions to estimate the expected number of microlensing events as 
follows: 

r = y ^<tE)dtE (11) 

In the next section we introduce different galactic models and obtain the expected 
rate and the total number of microlensing events toward Large Magellanic Cloud. 



3 Galactic models 

As mentioned in the last section, to calculate the rate of events, we need to know 

the density and velocity distributions and the mass function of lenses in the galactic 
model. The galactic structure falls into three different parts of the bulge, disk and 
halo. Our aim is to obtain the contribution of each part in the optical depth and 
the rate of events toward our line of sight (Large Magellanic Cloud). Since the 
contribution of the bulge on optical depth toward this direction is negligible, we 
ignore its contribution in our calculation. In what follows we consider the structure 
of disk and halo. 



3.1 Galactic disk 



The density profile of galactic disk can be given by a double exponential in cylin- 
drical galactic coordinate system {R,z) as follows [17]: 



p{R,z) 



So 
2h 



exp 



R — Rr: 



•0 



exp 



h 



(12) 



where Rd ~ 3.5A;pc is in the order of disk radius and h and represent the thickness 
and column density of disk respectively. In our analysis we consider two types of 
disk which are called thin and thick disk models. The thin disk mainly is made up 
by the population of stars and gas. The column density and thickness of disk in 
this model near the sun is about ~ SOMq^c"^ and h = 0.32A;pc. In the case 
of thick disk, dark matter contribution also is taken into account. Here, we choose 
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Sq ~ WOMqpc ^ and h = Ikpc. The rotational velocity of disk also is given by 
[17]: 

VdiskiRf = A7TGJ:QRde'^^/'^^y^[Io{y)Ko{y) - h{y)Ki{y)], (13) 

where y = R/{2Rci) and /„ and Kn are the modified Bessel functions. The velocity 
distribution for two models of disk is shown in Figure(l). 




Figure 1: Thick line represents the rotational velocity of thick disk and the dashed line 
shows this distribution for thin disk, x-axis indicates the distance of disk from the center 
of galaxy in terms oi y = 2R/Rd. 



3.2 Power law halo model 

The largest known set of axisymmetric model is called the "power law galaxies". 
The density of halo in the cylindrical coordinate system is given by: 

.^ _ yg'Rc^ Rc'jl + 2q^) + R^{1 - Pq') + z'[2 - {I + P)/q'] 

^^^'^^ 47rGg2 (^^2 ^ ^2 + ^2/^2)(/3+4)/2 ' ^^^^ 

where Rc is the core radius and q is the flattening parameter, which is the axis ratio 
of concentric equipotential. q = 1 represents a spherical {EO) halo and q ^ 0.7 gives 
an ellipticity of about E6. The parameter of /? determines whether the rotational 
curve asymptotically rises, falls or is flat. At large distance R in the equatorial 
plane, the rotational velocity is given by Vcirc ~ R~'^- Therefore /3 = corresponds 
to flat the rotational curve, /3 < is a rising rotational curve, and /3 > is falling. 
The parameter Va determines the overall depth of the potential well and hence gives 
the typical velocities of lenses in the halo. The density distribution in the spherical 
symmetric models {q = 1) for an observer that located at the position of sun and 
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observes in the line of sight of Large Magellanic Cloud (/=280, 6=-33) obtain by: 



YlRl ml + (1 - l3)[Rl + - 2rRo cos(0 cos(5)] 

~ AttG ^ [Rl + (1 - + r2 - 2rRo cos(Z) cos(6))](/^+4)/2 " ^ 

The velocity dispersion of lenses relate to the center of galaxy in the cylindrical 
coordinate system is given as follows [10]: 



2 2 Ri 



(16) 
(17) 



" 2(1 +/3) (i?e2 + i?2+^2/^2)/3/2 

2g^i?e^ + (1 - (5)q^R'' + z^[2 - {I + /?)/g2] 

i?c'(l + 2g2) + i?2(l _ ^^2) + ^2^2 _ (1 + /3)/g2] ' 

2 ^ K'i?/ 1 

2(1 + /3) (i?^^ + i?2 + z2/g2)/3/2 

2g=^i^/ + [2 + 2/j - (1 + 3/?)g=^]i^=^ + z^[2 - {I + 0)/q^] 

i?e'(l + 2g2) + i?2(l_^g2)+^2^2-(l+/?)/g2] 

Like the distribution of matter, we want to obtain the velocity distribution related 
to the new frame at the position of sun. The distribution of transverse velocity 
in the lens plane which we denoted it by vt, is given by taking integral along the 
line of sight. For the spherical symmetric models (g = 1) the transverse velocity 
distribution in the lens plane is 

1 tP' 

f{vt)vtdvt = exp{--^)vtdvt, (18) 



where 



2 Va^Rj^ 



a 



2(1 + p) [i?,2 + (1 _ p)(^R2 + ^2 _ 2ri?ocos(0 cos(6))]/3/2 

2R,/' + (1 - , + r- - 2/-i?ocos(/) cos(6)) 
3Rc^ + (1 - p){Rl + r2 - 2rRo cos(/) cos(6)) ' 



(19) 



Here in our study, we take into account six galactic model ([18], [19] Sz [20]) with 

the following parameters: 

Model la: standard halo and thin disk. 

Model lb: standard halo and thick disk. 

Model 2a: power law model (q=l and (3 = 0) and thin disk. 

Model 2b: power law model (q=l and P = 0) and thick disk. 

Model 4: spherical halo with asymptotic decreasing rotational velocity (q=l and 
/? = 0.2) and thin disk. 

Model 6: spherical halo with flat rotational curve ( q =1 and /? = 0) and interme- 
diate disk. 

Tabic (1) shows the parameters of these models. 

Unlike the Evans models, in the standard halo model (la, 16), the velocity dis- 
persion of lenses in the halo is approximately independent from space and its value 
a = 156km /sec. Figure (2) shows the transverse velocity distribution in the spher- 
ically symmetric models 2a, 2b, 4 and 6. Next section contain Monte-Carlo simu- 
lation for generating microlensing events in Evans model to evaluate the expected 
rate of events. 
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Model : 


la 


lb 


2a 


2b 


4 


6 






1 nn 


ou 


1 nn 


i^n 


sn 


kvc) 


3.5 


3.5 


3.5 


3.5 


3.5 


3. 


Rc{kpc) 


5 


5 


5 


5 


5 


15 


PQ 


0.008 


0.008 


0.008 


0.003 


0.007 


0.005 














0.2 





q 






1 


1 


1 


1 


Va 






165 


100 


170 


170 


MHalompc)ilO^^MQ) 


5.1 


5.1 


1.9 


0.7 


1.2 


2.2 



Table 1: Parameters of the power law model. First part of the table represents the 
parameters of the disk and the second part shows the halo parameters. 
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50 100 150 200 250 
Transverse Speed Km s"" 




50 100 150 200 250 300 
Transverse Speed Km s"^ 



Figure 2: 2-Dimension Contours shows the distribution of transverse velocity and the 
distance of lenses with respect to an observer that located at the position of sun and 
observes the direction LMC in different Evans halo models. 
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4 Monte-Carlo Simulation 



In this section we use Monte-Carlo simulation to obtain the theoretical distribu- 
tion of events duration for each galactic models. We then apply the observational 
efficiency of EROS and MACHO groups to the theoretical distributions to obtain 
the expected distribution of events. One can compare these distributions with the 
observed events and the aim is to put a constraint on the fraction of halo that can 
be made by MACHOs. Here, we supposed that all the microlensing events are due 
to halo or galactic disk lenses and we ignore those located in the LMC itself (self 
lensing). Next generation microlensing experiments with high sampling rate and 
sufficient photometric precision, definitely will solve the question of self-lensing hy- 
pothesis [21]. 

We introduce the main functions for this Monte-Carlo simulation which are the spa- 
tial distribution of lenses, distribution of velocity and the mass function of compact 
objects. For the mass function of the halo, we use the power law model as follows 
[22]: 

^^^^^ (mo) = ^ (mo) ' (mo) ' "^-"^ - ^ - 

where Mq = {Mmin^maxY^'^ ■ The exponent a = —1.5 according to the Expression 
(5) corresponds to an equal rate of microlensing events per decade of lens masses and 
also a = —2 corresponds to an equal contribution to the optical depth per decade 
of less masses. In the range of —1.5 < a < —2, the optical depth is dominated by 
massive objects and event rate is dominated by low mass objects. For the a < —2 
both optical depth and event rate are dominated by low massive objects, while for 
a > —1.5 optical depth and event rate arc dominated by massive objects. The 
domain for the Mass Function is defined by /?: 

/3 = log(M^„^/M„i„) (21) 

Here in this simulation we choose a = —1.5 and 13 = 1. One can simplify problem 
by identifying a mass scale. We assume such a mass scale is provided by a fixed 
upper mass limit, say M^ax = IMq. In the case of mass function for the disk, it 
has been proposed by HST observations [25]. In the disk MF the slope is changed 
at M ~ O.6M0, from a near-Salpeter power-law index of a = —1.21 to a = 0.44. 
The best fit to mass function of disk indicated straight line , (i log A^/d log M = 
-1.37- 1.21 log(j^) for M > O.GMq and dlogN/dlogM = -0.99 0.44 log(j^) 
for M < O.QMq. ® ® 

Figure (3) shows the observed mass function by HST. 
The spatial distribution of lenses obtain along our line of sight by Eq. (5) 

probability of observation cx p{x) \J x{l — x). 

Using the different galactic models mentioned in Table. (1), the spatial distribution 
of lenses along our line of sight obtain according to Figures (4 &: 5) . 

Here is the algorithm that we use in this simulation: 
We start from the distance of the lenses from the observer via the distance distri- 
butions, in Figures. ( 4 & 5). The mass of MACHOs obtain according to the mass 
functions of the Halo and disk. Combing the distance and the mass of the lens by 
Eq. (2) yields the corresponding Einstein radius of the lens. The transverse velocity 
distribution also depending on the galactic models, has been obtained in Figures (1 
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Figure 3: The mass function of disk [25]. The slope of the MF changes near the M 
0.6Mq, from a near-Salpeter power-law index of a = —1.21 to a = 0.44. 



9 



Distribution of Lens 




Figure 4: The distribution of lenses as function of distance from the observer in the 
different galactic halo models, dot-line stands for standard halo, dot-thin line for model 
4, thick line for model 6, dot-dashed line for model 2b and dashed line represents model 
2a. 
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Figure 5: The distribution of lenses as function of distance from the observer in the 
different disk models. Solid-line represents this distribution in thick disk model and 
dashed hne shows thin disk model. 
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& 2). We use the transverse velocity of the lens and its Einstein radius to calculate 
the duration of events by following formula: 




Figure 6: The distribution of events verses duration of events for different galactic models. 
The total number of events are normalized with the rate of events in one year for 10^ 
background stars which obtained by Table 2. 

Figure (6) shows the distribution of events for different galactic models, where 
the number of events are normalized W'^star x yr exposure time with 100 percent 
efficiency in observation. The normalization have been done by Eq. (10), using 
the numerical optical depth value and the mean of inverse Einstein crossing time.^ 
Here we assume that hundred percent of halo is made by compact halo objects. 
Table (2) as result of simulation shows corresponding optical depth and the rate 
of events in galactic models. To obtain quantitative conclusion, we clearly need to 
assess our event detection efficiency. The detection probability for individual events 
is complication function of uq, tE , the strategy of observation and the brightness 
of the source stars. In fact all these distributions except tE are not known and thus 
can be averaged over by a Monte-Carlo simulation. Here we use the observational 
efficiency of EROS and MACHO experiments in our simulation. The detection effi- 
ciency of MACHO group in the term of event duration can be found in [23] and for 
the EROS group in [24]. For the efficiency calculation in EROS group, microlensing 

^We used THalo code developed in EROS for optical depth calculation 
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Table 2: Optical depth and the rate of microlensing events is given toward LMC for each 
elements of galactic structure. 



Model : 


la 


lb 


2a 


26 


4 


6 


THaloiLMC)lO-' 


4.96 


4.96 


3.92 


1.44 


2.82 


3.58 




0.19 


0.39 


0.19 


0.39 


0.19 


0.31 


TTotal{LMC)W-^ 


5.15 


5.35 


4.11 


1.83 


3.1 


3.89 


THaloi/W' starYr){LMC) 


41.5 


41.5 


18.21 


5.53 


16.38 


15. 


rDiski/W^ starYr){LMC) 


2.20 


4.40 


2.20 


4.40 


2.20 


3.52 


TTotalinO'' starYr)iLMC) 


43.69 


45.89 


20.41 


9.93 


18.58 


18.52 



parameters are drawn uniformly in the following intervals: time of maximum mag- 
nification ^0 within the observing period zizlbOdays, impact parameter normalized 
to Einstein radius uq € [0,2] and time scale t_B G [5,300]days [24], where the effi- 
ciency is normalized to events with the impact parameters uq < I. The Efficiency 
of these two groups are shown in Figure. (7). It should be mentioned that the 
conventional definition of Einstein crossing time by EROS is the half of its value 
defined by MACHO group, here by convention we follow the time scale definition 
according to equation (22). 

The expected distribution of events can be obtained by multiplying the efficiency to 
the theoretical distribution of dT/dtE- The expected observation is shown in Figure 
(8). Table (3) indicates overall expected number of events by EROS and MACHO 
for 10^ time-object exposure in each galactic models. The Constraint on the contri- 
bution of the compact objects in the dark matter of halo obtain by comparing the 
number of microlensing candidates with those expected from galactic models. Here 
we use two different statistical approach for analyzing EROS and MACHO data. 
EROS observed two candidates during 2year observations of 17.5 million stars in 
LMC [26]. The microlensing candidates were called EROS-LMC-3 and 4 with Ein- 
stein crossing time in 41 and 106 days. Now, for statistical analysis, let b is the 
total expected number of events for a given galactic model (Table 3) and no be the 
observed events in the absence of background. Considering the Poisson probabil- 
ity distribution for events, one can obtain Poisson confidence intervals [1^1,112] for 
no observed events. In particular case we want to put an upper limit for b with 
a certain level of confidence. For instance, observing two events by EROS allows 
us to put a constraint, excluding at 95% C.L that the expected number of events 
should not be more than 6.72 , let call this number "C". To compare this number 
with Table. 3 we normalize the numbers of table to the exposure time of EROS, 
(2 X 17.5 X lO^year * star). The fraction of halo that made by MACHOs can be 
obtained by /m < C/Fm (at 95%CL) , where the Fm is the expected number of 
events in the Table. (3), taking into account the normalization factor. The results 
for EROS indicated in Table (4). It is seen that except the minimal halo model, the 
compact objects form a fraction of halo mass. 

The analysis of 5.7 year of photometric on 11.9 million stars by MACHO group in 
the LMC also reveals 13-17 microlensing events [12]. We normalize the rate of events 
in the Table (3) to the exposure time of MACHO, (5.7 x 11.9 x lO^star x year). 
For the statistical analyzing of MACHO results, unlike the former approach used 
for EROS results, here we consider the part of halo mass that is allowed to be in the 
form of MACHOs with one sigma error. This fraction obtain by dividing (13 — 17) 
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Figure 7: Detection efficiency verses event duration Ie toward LMC The solid line shows 
the efficiency of MACHO [23] and dashed line indicates for EROS group [24]. 
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Figure 8: The distributions of events verses duration are shown for different galactic 
models. The total number of events are normalized by Table (2) with the exposure time 
of 10^ background stars in one year. 
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Table 3: EROS/MACHO expected number of microlensing events, considering that 100% 
of halo made by compact objects are obtained in 10^ star x yr exposure time. 



Model : 


la 


lb 


2a 


26 


4 


6 


EROS 
MACHO 


6.81 
10.1 


6.93 
10.43 


3.64 
4.84 


1.59 
2.02 


3.29 
4.39 


3.23 
3.82 



Table 4: The fraction of halo in the form of MACHO obtain by comparing the observa- 
tional results of experiments with the expected theoretical number of events. This fraction 
depends on galactic model and the mass function of compact halo objects. The EROS 
results obtain by excluding /eros with 95%C.L to be less than indicated value. MACHO 
results have also been obtained with one sigma error for f mac ho- 



Model : 


la 


lb 


2a 


2b 


4 


6 


Jeros < 
f MACHO 


0.28 
25+° °^ 

^•-^^-0.06 


0.27 


0.52 

n 52+°-^2 


I. 

I 


0.58 

"-'■'3' -0.14 


0.59 



events to the normalized number of events in Table. (3). The results indicated in 
Table. (4). 

5 Conclusion 

Two years observation of Large Magellanic Clouds by EROS and 5.7 years by MA- 
CHO, revealed 2 and (13 — 17) microlensing candidates, respectively. The results 
presented here provide some interesting conclusion on the contribution of MACHOs 
in the halo of our galaxy, depending on the models. 

It is seen that except minimal halo model, the number of observed events are inad- 
equate that halo fully comprised of [0.1, 1]Mq compact halo objects. Two extreme 

results arc considering a non spherical halo (minimal halo) and another possibility 
is an LMC halo that dominate microlensing, and no MACHOs in the Milky Way. 
The essential way to distinguish the real model of our galaxy and the contribution of 
compact objects on the halo is localizing the position of lenses. Studying parallax, 
finite size effect and double lenses would allow us to achieve this aim. Recently, 
analysis of MACHO-99-BLG-22/OGLE-1999-BUL-32. indicated parallax effect in 
its light curve. A likelihood analysis of the lens position implies that lens could be a 
black hole [27] &; [28] . The analysis of PLANET photometric observations of event 
EROS BLG-2000-5 ^ shows the parallax and binary orbital motion in its light curve. 
It is the first time that the lens mass degeneracy have been completely broken [29]. 
In spite of localizing some events toward galactic bulge, in the direction of LMC, the 
position of lenses have not been localized and it needs next generation microlensing 
experiments with high sampling rate and better photometric precision [21]. 
The fraction of halo (derived from microlensing experiments) in the form of MA- 
CHOs can also be compared with the White Dwarf [30] &: [31] population from the 

^http://www-dapnia. cea.fr/Spp/Experiences/EROS/aletrs. html 
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Hubble Deep Field. Although the identification of these faint blue objects as white 
dwarfs remains to be confirmed and the small sample size restricts an accurate es- 
timate, the suggestion that these White dwarfs could contribute 1/3 to 1/2 of the 
dark matter in the Milky Way. This result is in agreement with the fraction of halo 
in the form of compact objects in some of halo models. The galactic halo, composed 
of White Dwarfs would seem to be a natural explanation of the microlensing data. 
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